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DATA PROCESSING DEVICE AND DATA
PROCESSING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a Continuation Applica-
tion of U.S. patent application Ser. No. 13/818,379, filed on
Feb. 22, 2013, which is based on International Application
PCT/IP2010/065054, filed on Sep. 2, 2010, the entire con-
tents of which are hereby incorporated by reference.

TECHNICAL FIELD

[0002] The present invention relates to a data processing
device and a data processing system, and particularly to a
data processing device having a central processing unit and
to a data processing system in which the data processing
device is used.

BACKGROUND ART

[0003] Recently, with miniaturization of the data process-
ing device including a central processing unit (CPU) con-
figured on a semiconductor substrate, problems of a
decrease of the breakdown voltage of transistors and an
increase of the off-state leakage current have arisen.
[0004] Meanwhile, apparatuses using the data processing
device are required to operate with an operating voltage,
which is supplied to the data processing device, in a wide
voltage range from a relatively high voltage (on the order of
5 V) to a relatively low voltage (3 V) and to a still lower
voltage (1.8 V) in consideration of reduction of the power
consumption, because of external factors (such as commu-
nication standards).

[0005] In order to operate in a wide voltage range, the data
processing device has a plurality of power supply circuits
(regulators) in the data processing device to generate an
internal operating voltage from an externally supplied volt-
age and supply the generated voltage to internal functional
blocks (see PTL 1), and determines the operation state of the
power supply circuits in accordance with a signal based on
the operation mode of the central processing unit (see PTL
2).

[0006] Also, in order to reduce the power consumption,
the data processing device uses, as its internal voltage, a
voltage generated by lowering an externally supplied volt-
age, and performs an intermittent operation in which a
transition to a low power consumption state is made while
operation is unnecessary. In the low power consumption
state, the clock and the power supply voltage that are
supplied to internal functional blocks of the data processing
device are controlled. Specifically, the frequency of the
clock to be supplied is lowered, the power supply voltage to
be supplied is decreased, or supply of the clock and/or the
power supply voltage is stopped (see PTL 3 and PTL 4).
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SUMMARY OF INVENTION
Technical Problem
[0011] In the case where such a step-down power supply

circuit is incorporated to generate an internal operating
voltage, the self power consumption, namely the power
consumed by the step-down power supply circuit itself
hinders reduction of the power consumption.

[0012] For example, in a step-down power supply circuit
shown in FIG. 2 of PTL 1, a driver MOS transistor 40 which
lowers an externally supplied voltage to an internal operat-
ing voltage is designed, in order to reduce the self power
consumption in the operation state in which the power
consumption is maximum, so that the ON resistance in this
operation state is minimum.

[0013] Also, in order to ensure adequate driving ability
even when the externally supplied voltage is a low voltage,
the width of the gate electrode of the MOS transistor 40 is
increased and, in order to apply a higher voltage than an
internal operating voltage to the gate electrode of the output
MOS transistor 40, the gate insulating film is thickened.
Accordingly, the capacity of the gate electrode of the driver
MOS transistor 40 is increased. In the case where the
intermittent operation is performed and a transition is made
from a low power consumption state to a normal operation
state, it is a problem that increase of the voltage level of the
internal operating voltage to be supplied to internal func-
tional blocks is delayed. On the contrary, in the case where
a transition is made from the normal operation state to the
low power consumption state, it is a problem that draw of the
charge having been supplied to the internal functional
blocks, to the ground potential, is delayed, resulting in an
unexpected increase of the internal supply voltage.

[0014] An object of the present invention is therefore to
provide a data processing device and a data processing
system that are capable of quickly raising the voltage level
of an internal operating voltage to be supplied to internal
functional blocks (load circuit) when the intermittent opera-
tion is performed.

Solution to Problem

[0015] A data processing device according to an embodi-
ment of the present invention includes: a load circuit includ-
ing a central processing unit and operated by supplied
electric power; and a step-down power supply circuit step-
ping down an external power supply voltage and having an
output node connected to the load circuit. The step-down
power supply circuit includes: a first step-down unit step-
ping down the external power supply voltage; and a bias
current control circuit controlling a magnitude of bias cur-
rent flowing through an auxiliary path from the output node
to a ground. The data processing device further includes a
control unit increasing the magnitude of the bias current,
prior to a change of an operation state of the load circuit by
which a relatively large change occurs to an amount of
current consumed by the load circuit.

ADVANTAGEOUS EFFECTS OF INVENTION

[0016] In accordance with an embodiment of the present
invention, the voltage level of an internal operating voltage



